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More recently (Kul'vanovaskiy et al. [9]), thers is evidence
that still further refinement of the techaiques for stidylug the - ;
Boelectrical activity of neural specimens is teking place (2ee i
¥ig. 3). This F-shaped wet chamber consists of a thin, glass hous- '
dng the size of which cas be adjusted to conform to individual ex-

p.rmutal conditions and problems. Ths main fezture of such a

Fig. 3. wof.-‘chnbo‘: for
studying the biocelecrtrical ez
activity of neural specimmn:

. eodig

" chember 18 the freedom of recording nerve bioputentials under . |
virtually normal, in vivo conditions. In their experiments, the
authors used wet chambers with the followving dimensions: 5-mm glass .
* tubing 15 ms long with 2-mm projections for the insertion of platinum .
electrodes. The electrodes are tightly fixed in the orifices of the
P-projections and are looped at the enda. The loops are 2 »a in dia~
mater and the distance bdetween electrodes ia 5 m. Theae simply con-
structed chaxbers guarantee constant slectrical contast with ths nerve )
apd may be placed smmong the organs and tissuss containing neural specimsrs.
8ince danage to the specimsn cen be svoided through the use of wet
chmbers, and since temperature and humidity integrity are assured
by the surrounding organs or tiassuss, the prolonged viability of neurel
structures is possible. While the spplicuation of such a systea in micro- .
ware research 4is not mentioned, it seems likely that the principle .n
could £ind spplication here if the sppropriaste housing materials were )
MO

-pt
-

As earlier stated, relatively few definitive in vivo and
especially in vitre investigations on the neural effects of EMFta
have been reportsd ty the Soviets, Kholodov [10] studied the effocts

- of WP (1000 v/n) on neuronally ieolated seciions of the cerebrun and
mébrain of rabbits. Exposure duration ves 2—3 min with 20-40-nin
dntervals between exposures., XKholodov compared his results with the
Bbloelectrical activity of intact brains and found that the latent
mlcd of the resction of a nemronally isolated cortical specimen to
vas 27 sec, am opposed to 53 sec for an intact brain. The (HF
aftereffect duration for the former was shorter (1——5 mir) than for
the latter (1520 min). Kholodov did not speculate whether these
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8 vere of a thernmal or nonthermal nature and this could not
be ascertained from the irradiation paramsters described. Hovever,

. the %8 of this study are consistent with other, parallsl in-
vestigations vhich have shown neural excitation to be characteristic
of the response {0 microvave-range BMF's, . - -

g8
it

i

Perbaps the best controlled and most definitive research on
of microvaves on specific meural functions is reflacted
& report by Yu. I. Ksmenskiy [(11], vho studied the functional
of the frog nerve n. {echiadicus, du':: sxposure to pulsed
continous 10==12.5-ca vaves (=11 ms/cm*). In this study, be
st deternined the thermal parsmeters of the microwave regimsns
and selected an intonoity of 11 mv/cm?, which vas sufficient
ase the temperature of the neural specimen by 1°C after an
of 20—30 min. The effects of continwus microvaves (12,5 cm,
exposure duration 20 win) 'were studied in the first sericn.
» 00 Teliable changes in threashold sensitivity vere moted,
author did mote, however, increased conduction rate, abbreviated

i
:
:

763

e
g\
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. absolute and relstive refractory phases, and sltered action current
© smplitule, vhich he judged to be of a thermal nature.

Moat intereating vere his tests with pulsed microwaves (10 cm,
1 msec pulse, 700 pulses/sec, exposure duration 20--30 min), Here, a -
definite increase in neural conduction and excitability was cbserved
snd was judged to be a result of the nonthermal (specific) effect.
His reason for thias conclusion wvas that at a frequency of 700 pulsss/sec
interval 1.4 msec) there vas a mmmation of nevral shifts., The
pulsed intensity of radistion bere vas 1400 times greater than the mean
devel of intensity during continmwous irrsdiation. Also, at frequencies
of 100 and 200 pulses/sec, the pulse interval (510 msoc) wes too
great to result in summation. -Finally, the 0.2°C increase cbassrved

- in specimen tesmperasture during pulsed irradiastion could not explein

the five- to tenfold increment in comduction rate over valuss ob-

tained vhen specimens were physically heated.. Thus, definite, re-
able shifts in neural excitation were observed during pulsed -

10-ca~vave irradiation vhich could not be observed dwring continuo

g

. drredistion. The results of this investigation suppurt the widely

held Soviet viev that pulsed microvaves are more biologically active C

- in the neural sense than costinwus (nonpulsed) microwaves.

" Curiously,there is no evidence that Kemenskly has comtinued
research along these 1ines since 1964. Eowever, another spproach
vhich has recently received more attention is being pursusd by
Presman [12],with vhoa Kamenskiy has collsborated in the past [s).

11
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1n [12] Presmsn studied the effacts of pulsed and contimmous

D12, 5=cm WaVES O the so-called exritable system of paramecia_as
possible approach to revealing the nonthermal mechanisme of micro-
ve effects on higher neural structures. e had previously demon~
Srated that parsmscia, vhen exposed to 8~¢ and d-¢ currents, ex- .
ibited an "electric shock reaction” (ESR) at certain threshold doses. -
3 this study, he exposed paranecia located in a polystyrens chanber
4 4 vith & hay infusion and attached to the microvave gecsrator 4o
sntinmous, 12.5-cm vaved in doses of one per second {dose duratior

100 nsec). Thim parsmetor resulted in & reaction similar to the
SR, A second series vas «xposed to pulsed (200—700 pulses/sec)
O-cm vaves with 750 msce durations once per second. This para-

r revealed that the mean pover threshold valuss for pulsed micio-
aves were higher than for contisuwous microwave values, Ao in =
kiy's study vith the frog nerve [11), a cumilative effect was
haracte: cot&pnhd 10-ca waves, Ituintmﬁngtonoto
hat Preamen used same parensters Kamenakiy used in lds experi- .
nts. 3Since both these researchers collaborated in the design of
guipment for these neurally oriented studies, it is entirely possible
hat they both used the sume hardwers, ] )

- Fremman's third and fourth series of investigation vere deaigned

o0 ascertain vhether microvaves sensitized paramecia to electrical cur-
ats, It wvas found that microvaves decreased the threshold voltage
cossury %o evelkes un ESR, The suthor interpreted these results, to-
sther with the fact that heating did not exceed 1.5°C in any series,

o indicate the nonthermal effect of microwaves. His arguments sgainst -
therml explanation of the mechanism of the observed microvave effects
re as followss 1) excitation threahold values for pulsed and cone-
xlerousvea u:: ;)maion of the Q\h::duue r‘o’:t of their dose

X D ox seriess virtually no relationship between pulsed-
hreshold power anpd wvas noted. Presman was satisfied that

s approach and the data odtained in this study would help to clarify -
mechanigm of microvave effects on the "excitadbls" (noural) struc-
ures of higher animels. ’ :

Presman's resuilts have closely paralleled Xeamenskiy's, despite
@ifference in the specimens studied. Since Presman and Kamenskiy -

\ (or st111 are) collaborators, the smme -approaches to the problems

L neural reacticns to microvaves have been employed. all of the -
gPtudies troated in this ssction, including Presman's and Kamenskiy's,
gsrongly favor the theory that the mechanism of microwxve effects on

T6L Or neural-liks structures is nonthermal, based on experiments

Vhich threshold or noathermal field intensities were investigated.

: » Vhile ore might expect that the interesting results of the studies
nitioned here weuld lead to an increased research effort in this ares,

- besn no recent perceptible increase in the number of articles
oted to this problem,
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& In vivo neurul effects

< - - A large complemont of the Soviet research community devoted .
to the neural effects of microvave-rangs EMF's has used a more in-
diract approach to the problem. Here, the function or behavior of
the: wvhole organisa or parts of it are studied during the action of
various EMF irradiation parsmsters (local or vhole-body irrsdiation).
External, or functional patterns are deduced to reflect intersal
noural effects in the absence of any investigation of the neural
structure itself. As regards the prodlea of clasaifying microvave
aeural offects us thermal or nonthermul, the results of many invest-
igations are doubtful in tuis respect inagmuch as the biophysical,
chemical, and sven thermal paramsters of allegsd noathermal effects
have not bean invostigated., Another druvback of this indirect

: npproack is the difficulty (if not abeolute impossibility) of deter-

- .. mning just hov much microvave energy bas reached’'the neural struc-
- - tures in question. This problem of comparative, in vivo/in vitro

tissue do is of opea concera to many Soviet researchers,
Presean [5,6,13) in particular. The general consensus is that com-
prebonsive research nn this problem is absolutely necessary if the
specific mechanisms of EMF effects are to be revealed. Nonetheless,
the majority of Soviet researchers in this £ield feel that the be-

~bevioral and functional spproach to studying EMF effects is a valid
one in thut it is possible to ocbsorve trends in biological responses
to EMF's vhich clearly differ from responses to other, better under-
stood stimuld, Therefore, this saction will reviev soms of the more
recent vorks supporting this belief,

As far tack as 1960, Presman [13] concluded that "Experimental
stulies in the Soviet Union and abroad have clearly indicated that,
along vith a thermal effect on the living organisa, smicrovaves also
have a so-called 'specific! effect® (a term that Presman coined him-
self). Functional shifts have been observed in the nervous and
cardiovascular z::-l, a8 well as hematological and metabolic changes
resulting from chronic exposurs to 10—12-ca UHF at nonthermal in-
tensities of 5—~10 mi/cai, He was cautious enough to § iat out that,

' "The effective (medical) spplication of a specific effect of micro-
vavas is poasible only if the mechanisms of such an effect have been
fully established." . . . .

It should be mentioned here that many different mirrovave
research-oriented groups are active in this approsch to revealing
the behavioral and functional mechanisms of EMF effects. In fact,
it is safe to ssy that kygienists (both military and civilian),
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walologists, binlogists, and theorvticians have at one time
. 3 in, or still are pwr micTovavs research on animels
a3 their various gystems. o T
. ] . o
Gozodetakaya [14], Tepresenting the active Uirainian
roup at the Bogoaolats Institute of FPhyaslology, studied the
octs of SHF (3 om, pulse frequency 577 cps, power deasity
b4 v/cm) on the beumvior of mice (and their progeny) situated
0 cm fyem the generator. To “eliminate™ thermal affects; con~
rol animals were convection-heated in an incubator for 15 mia
s tewperature of 52°C had been attained. Thls tcaperature
»e paralloled microvave-induced texperature increase.
Sorodetakoys found that SHF had a more pronounced effect than
on the genital orgens, and tharefors on the progeny of ir-
Afated aninmals, and that female animals vere mors sensitive
» SHP in this respect. Changes induced by comvectional heat in -
matopoietic organs vere less severe than SHP-induced changes.
interest relative to the neural offects of the wave range vas
he fact that the aninals exhidited mors pronounced
sonditioned-reflex reactions ia the form of negative responses
han the controls. These reactions were found to be moat pro-
unced immedistely after the termination of irradiation. While
jonvection-heuted animals began to recover one dey after exposure,
JSir-1rradisted animls did not begin to recover until the third
JEor fourth day after exposure; recovery vas virtually complets for
guecontrol anirmls on the second day, vhile for SHP-irradiatsd animals,
t took five days. Gorodetskaya therefors concluded that SHP has
. mnmeo:h ol'i'oct tm'e:ﬁmctiou lntt;t g nun?‘o{ﬁm
Sy support specific’ ect theory sman | 5,0,13),
Veren ace very schin "“"’“:‘a%‘"ﬁ.&"‘“w“""‘g"‘a. Tact et
; ar'e very ve ° ’
this vas a "ot (me, seural and other responses -
T observed that could not be explained by a purely thermsl effect.
It 1 therefore possidle toat the nonthermal or specific effects of -
::':vwo EMF's can be cbaerved oven under highly thermal microvave

_ Another representative of this growp, Paytel'berg-Blank [15] )

Wﬁ:.:nmun.&ammvtuwm) on gastro- .

abeorption proocesses of isolated preparations
from dogs end rabbits, Unfortunatoly he did not describe the radia-
tion parsmeters of the experiment in much detail. Yor instsace, it
could not be ascertained hov far the preparations were located from .
:h‘ Luch-58 goneyator, vhat the pover density of the field around
b preparations vas, vhether pulsed or nompulsed microvaves wers
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used, vhat the thermal parameters of the specimens studied vere,
- and therefore, vhether the effects obsurved were of a theramal or
_. popthermal na*ure, ... e eritomoee
Innervated, partially demsrvated, and completely denervated
speclmens were invostigated and the results vere processed using s
method o variation statistics. TFaytel'berg-Blank found that a
teon-minute exposure of the epigastral region to a 70-v, 12.6-cm
vave field did not alter intestinal glucose absorption in a dog
whose solar plexus had been eliminated, He concluded that sym-
pathetic nerves, the solar plexus in particular, participate in
the trensmission of a microwave effect from the epigastral region .
€0 the intestinal region. The vagosympathetic system also plays -
a substantial role in this respect. When vagosympatbetic nerves
_are blocked at neck level, the stimulating effect of UHF o re=
- -sorption is impeded. When spinal ganglia are blocked, UHF slightly
_ elevates the level of resorption but to a lesser degree than vhea
~ the ganglia are intact. The role of skin receptors vas also dem-
_ | . onstrated. Thus, not oaly peripberal neural elements of the GI
... tract, but aleo central nervous mechunisms vere observed to de
T Yle Jor transmitting UHF effects. However, since some
shifts in resorption were chesrved even in denervated specimens,
Payteltberg-Blank proposed that humoral factors are also affected
by BF. In an attespt to furthor reveal UHF mechanisms, he studled
cell respiration in the specimens and found that UHF caused a shift
in this function also. He speculated that this might be a reflex: .
response ((HF ucting or controlling neural elemeats) or evidence
of a direct UHF effect on the cells. )

The results of Faytel'berg-Blank's study are difficult to
interpret, lovever, the stimulatery effect of UHF on naural struc-
tures agaln vus observed. This sgrees with the results of most
othar investigations so oriented. . .

Another resorption study ves conducted by Yatsenko {16], who

- investigated the effects of a 20-min exposure to 12;6-cm waves (40 v,

. 0o values for pover flux deasity or the distance of the preparstion
from the 5-—-6-ca electrodes of the "Luch® generator given) on the
absorption of radioactive phusphorus by knee-joint syncvial. mem~
branes. This function vas studied in pormal animals and those vwith
severed spinal cords., Absorption activity vas found to increase
during the uction of UHF. Spinal cord elimination alons retarded

. absorption, while under the effects of UHF, synovial absorption
increased, Yatsenko felt that this was svidence of a direct UHPF
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effect on synovial receptors and cited Paytel'berg-Blank [157 . -
relative to the effects of UHF on peripheral nerves. Again, e
since no thermal parameters vere mentioned in this study, it is

uasafe to speculute that this stuly demonstrated the specific .. . .

effect of UHF on central or peripheral neural fusction, R

—_—e . PO
Semsnov {17] better described the radiation parsibeters in
an investigation of the thermodynamcs of innervated and denervated
‘Pemoral tissues in rabdits exposed to 12.6-ca waves (150—300 mv/cm?,
presumubly a moopulsed field, 10-min exposure durstion, 13-, 4-, and -
-24=hr intervals between exposures), This was clearly a hot exper-
‘iment and the author described in detuil typical teaperature-incresse
values for femorul tissue during irradiation. Scmenov attributed .
‘ a.thermal cumulation or mummation effect to neurorsflsctory processes
_ 4n the central nexvous system. To test this lm»thgt;l}_ anesthetised
animils and dncreased pover density from 150 to-300" ms/ca’ind found
that the cumulative thermal effect was almost entirely precluded, He
vas therefore sutiafied that sufficiently intense UHF fields are
soverful stimulants which disrupt norasl CXS adaptive processes, par-
ticularly tissus thermoregulation., Regrettubly, he did not
the offects of UHP with the effects of convection or local heating
40 udd further strength to his conclusions. Hovever, his stuly must
;omeonsidcnd us further evidonce that microvave EMF'a affect CNS
ctions. ' .

Using unother approach to the prodlea of revesling microvave
. asurdl mechanisas, Pukhov [18] investiguted the effects of neuro-
tropic drugs ‘e‘“:ﬁ‘ and medinal) on the viability of mice exposed
o thermal (50 ms/cxr’), nonpulsed, 12,6-cm vaves from a lLuch-58 ther-
generator. Exposure durations vers 10 and 15 min, or the ‘
necessury to kill the animals. Animls vere irradiated 10 min,
60 min, snd 24 br following medinel injection and &0 mln after caf-
feine injection. Pukhov found that caffeins, owing to its CNS stinm-
effoct, statistically decreased the visbility of irradiated
animals, or, depending on the dase .administered, resulted in no change.
administered 24 hr prior to irradiation fncreased the viability
of aniauls owing to its hypotheraic effect. lHe could only conclude
from this study that the mechanisa of microvave effects on CNS func-
tions requires further stuly. Here, the thersal (50 mu/caf) doses
used vould render difficult any concrete conclusion as to the speci--

10 effects of microwsves, especially nonpulsed vaves, which Kamenakiy [11]

4nd Presmun [5,6] fesl are basically therzmal in their effect. However,
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this study wvould indicate that nonpulsed, thermal, 12.6-cm vaves
did hav) an excitatory effect on the CXS, - - .o

-~ In an ioteresting article by Malakhov [19], the effects of
weak, nonthermal doses of UHPF on ccaditioned reflexss vere con-
- sidered fyom the standpoint that such fields might plsy an im-
portant role in actually trigyering reflexes. Malakhov feels that
this problem is germane to the lypotheais that UHF, or microvave
range fields, might act as "inf rmation carriers® of extrasensory
signals (see tha conclusions and discussion of this report).

- To test this hypothesis, he attempted to develop conditioned
reflexes t0.a 13,7-ca UHP £ield (20 mu/ca) in mice by using 20-sec
conditioned (WHF) signals and 15-sec unconditioned signals. Re=

." SpOnses were-recorded old.mgralung. The results of this ex-
vere disappointing in that reflexes to UHF, vhile deson-
strable, were characterised by a long period of developmect, inste~
bility, a short residual effect, and rapid extinction, This same
trend vas observed by Kholodov [10], vhose stulies vill be discussed
in more detail in the next section. Malakhov could only conclude
that weak UHF ficids are of little "informative" (stimulatory) value
tb memmulien CNS pztterns. He did state, howvevar, that his results,

ce NS e s
. .-

animals (species not given) can serve as indicators (sensors) of
microvave-range EMP's,

In a very recent article, Ioshak [20] described an interesting
axperiment_conducted to reveal the combired effects of pulsed WHF
(1.0 ms/cn?, other radiation parameters not given) and ionising radi-
ation (180-kv x-rays, 900-r vhole-body dose) on white rats, Haere,
three groups of males vere irrsdisted daily (2-hr exposure durstion)
30 timea. The first growp vaa locally (hesd only) irradisted while -
the second group was vhole~body-irradiated by UHF., The third group
vas used as a control and vas irradiated by x-rays only.

: The results of this study 4id not show microvave
irradiation to have any protective affect, although Loshak, on the
basis of other studies (not cited) had felt it might). He found, in
fact, that pre-UHF exposure actually resulted in a more rapid mortal-
ity of x-ray-irradiated snimals in both groups. ZThe swvival time
. sgzlocdly, pre-UHP irradisted unimals vas 17.1 + 3.2 days, for

0.8 + 2,1 days. Thus, decreased resistance to x-rays wvas the end

\ |
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vhile dissppointing, deserved further investigution and that various

o-body-irraiiated animals, 11.9 £ 1.0 days, and for control animals
product of nonchermal UHP exposure. Loshak attributed these results .
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to the effects of UHF on hematopoietic structures, which in thiy -- H
study vould imply that theso orgaszs are sven more sensitive gk :
decimster-vave radiation than neural structures in view of the¥ .- :
saximm mortality of uhola-body-irradisted animals, Loshak ated
that the lifespuns of these aslmale indicated hemstopolstic injumy
(especially of the bone marrow). R e
. -
Unfortunately, Loshak's article sppearsd ia sbstract fora, .

making it difficult for the reader to draw any coacrete conclusions,
eipecially those relative to the role of the CAS in this study.: Howe
ever, the fact that the growp of locally (heed oaly) irrediated anti-
mls also showed decreased reaistance to x-rays is of interest,i:If,
as loshak stated, hematopoletic injury vas respoasible for decreased
resistance t0 x-reys, an explanstion i3 meeded £ér the decreased ' ;-
(W not drematically o, e.g., 17.1 ¢ 3.2 days ve, 20,8 ¢ 2,1
days) resistance of ocsretrally irradiated Above all, the
fact that such a demonstrable biological gffect vas observed in :: .~ -
response to such a law-intensity (1 mu/ax®) decimster-vave -f£ie34 - -

t:pod.ttc' fmnu-ﬁmm&zu# Loghak! “b‘:-:v .
a . 8 obierva~ ; ————

tions also support the general Soviet opinion thet pulsed microvaves (

are highly active {n the biological senss. ©
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S. RKeural effects cf lov-frequency electromagnetic and
. megnetic fields A .

‘ This sectidn vill briefly review scme recent research on the
. . psural effects of 'sub-microvave-range BMP's and constant magnetic -
. e ... fields, This area of research is of interest (with respect to mag-

. netic fields in particuler) bacsuse Xholodov ;26,27], vho 1s now
sctive in magnetic field research, is 2lso actively interested in
research on the neural effeets of microwvave-range EMP's [10],

While research on lov-frequency or very-lov-frequency EMF's -
has deen rather limited in scope ard quantity, {t is espparent from
ths rescarch of Petrov [21] (1929), vho initiated comprehensive re-
search in this area, that Soviet interest in the biological effects
of ENP’s bas had a3 long history, Petrovislast article in 1952 [22)
denongyrated a vesk and unstable reflex resction to a lov-frequency
BMP. Since then, Sazonova's research [23,24) and Plekhenov's recent
study [25] are tbe only indication of a continastion of Petrovis
approach, T

Sazonova [23) investigated the peural function of rabbits ex-

posed to a S0-cps ENF geperated by tuv 10-M transformers through

x 500-ma slectrodes separated by 1200 mm, Each transformer

rated a 65,000-v £ield, 7ae n. tibialis nerve (in vivo) vas
tudied using en orgogrephic setup vhich wmade it possidle to load
the pavs of the aaimals with weights. Training prior to experiments- _
tion required one month, The field intensity renged from 300=1000 v/ecm,
He found that those EMF parameters had a deletericus effect on motor = .
function snd that the effect of a 1000-v/cn £10ld was more readily
spparent than the effect of a 300--4O0-v/cu field,

In ber second study [24], Sazonova coutinued to {nvestigats - - -
the role played by the central nervous system in the motor activity
of ratbits exposed to the ssme 50-cps EMP, Here,she used stimilatory
anl inhibitory aeurotropic drugs- (didasol, novocain, aminazine) as &
mthod of better revealing the neural mechanisme of the EMP effect,
Anizgls were irrsdiated one hr dally, six days per week, for e wonth, -~
In this study, a 100,000-v/o £ield was used, She found that inhiditi .
of the reticular formation (tests with aminazine), or eliminstion off -
other neural pathvays (novocain) dsleyed EMF-induced fatigue, Ene '
hancement (dibasol) of CNS activity resulted in more rapid fatigne,
Sazonova thus felt thatshe had demonstr~ted un EMP effect on the cen-
tral nervous systam relative to its participation in motor functions,
It {8 interesting that the results of this study are similar to the
results of some microvave experiménts which indicate a stimulatory
effect of EMP's on neural structures, FPerhapn, os Osipov sugpested
in 1965 [32), a wide wvave range of EMF's have a more Or iess analogous
effect on the central nervous system,

19
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More recently, Plekhenov (25] studied the effects of a love
frequency (735-kc) EMP on human conditioned reflexes to cold, using * -
8 plethysmograghic technique which he felt was the best approach bes
csuse of its sensitivity, A porttble disthermy generator vas used, - - . -
He found that vhen f1eld voltage vas veried from 220330 mv/ma . . iur.

!

!

i

i

i

{ '
’

i

!

(110 zxv/m varistion), s conditioned reflex was noted vhich vas - - it - ¢
attridbutable only to the variation in field voltage, e speculated %< -
thet the mechanisms of the reception of this EMF range are to be ’
found in the retina and skin receptors, the latter being specific

EMP receptors, He concluded, howvever, that any living cells,

especially neural cells of the brain, are EMP receptors, enmd that

the mechanism Of intracellular reception might be physical and chemi-

cal in nature, The possibility that EMF effects might be analogous

to vesk doses of fouizing redistion ves not discounted. This would _ -
render the lov-frequency EMF & nonspecific stimulus,

» .. As - To the effects of magnetic fields on "excituble" and peural

y. - structures, it 1s potevorthy that Yu. A, Kholodov [26,27], the leading .
goviet spokesaman for this research effort, has also been active in re- Ll
gsearch on the neural effects of microwave-range EMF's {10]., In meny
respects, the spproaches to investigating the neural wechanisas of
nagnetic field effects have paralleled the aches to the microwave
prodlem, Kogan et al. (28], like Presmasn [7], studied the behavior of
parsmecia in cepillary tubes exposed to magnetic fields of 150--1E0 oe.
Tventy to thirty time moasurements vers.made dbefore, 60--80 during,
and 20-=30 gfter the esction of the magnetic fields, It was fourd that
parsmecia praferred the gouth pole of a magnet, that magnetic effectis
vere gradual, and that tknse effects persisted after removal of the

. 1414, The effect Of a nugnetic field was found to be a function of

.. Ats strength, Kogan did not use Presman's approach to this probleam,

T 4n that be did not study the sO-called electric shock resction, He

. tonsluded that the magnetis effects he observed might be extracellu-

. .l in psture (physice) and chemicsl changos in the medium), and that

%> this extracellular phenowenon might serve to explain the effects of

% Ragnetism on the functional state of organs and tissues, Kogan did .

w2 .. ot discount the possibility that magnetic fieids might directly

&o - affect intracellular processes although he did not speculate on the

. Bossibls mechanisus of such effects, Kogan 4144 not cite Presman's

¥ stuly (7) nor 414 he discuss the so-celled excitable system of -

i, Permsecia. o X .

) Xholodov [25] revieved the results of some of his investigations
on fish, frogs, and radbdits exposed to intermittent (50-cps) megnetic
fields ranging 1in intensity from 1 to 1000 ce (aversge, 100-=300 ce).
He found that pigeons 444 not develop conditicaed reflexes to magnetic
fields, wnile fish 414, He felt that reflexes were affected by mag-

. betic fields via the Alenceplinlon or diencephalic structures (he also
»: Weutioned these structures as EMP receptors in his microvave research

4 110), ¥5G's shoved magnetic reactions by rebbit bratns 53% of the time -
© in intect snimals and 63% of the time in neuronally isols*~d samples. .
* Bis approdch here vas enslogous to his 1964 microwave study and, inter-
i estingly enough, the results vere similar in shoving a megnetic field
%0 be a dtrect stimulus .of the centrol pervous system, However, the
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effects ot other tnctors 1n this ueudr should not ve d.iscountcd
since, as Kholodov poinmted out, vu'is'ble (so "ps) magnetic fields
- vere used,

B In the seme investigatica, Kholodov studied the impulse
utluty of.23 1solated .cortical neurons, - He could not detect any
=" change in thef¥ background activity during exposure to his magnetic
field parameters, btut did note that their sensitivity to light in-
creased during, end one min after the action of the field, while

Kholodov wvas cantiocus in pointing out that the mmber of neurons
studied was insufficient to drav any concrete conclusions, he men-
ticned that a morphological analysis of glial cells showed them to
be highly sensitive to magnetic fields (he 4id not specify whether -
he meant constant or varisble fields), He suggested that the bio-
‘physical zmechanisms of magnetic field effects oa meural structures
night vell be elucidated by tracing the chemical activity of glial
cells, the trophic function of vhich is generally aceapted.
mlodov Plane further research cn this epproach,

Tt vill be interesting to see how (if at all) Kholodov's
nagnetic field research affects trends in future microwave research
in viev of his active interest in the latter,

Recently, Chizhenkova (29], as if in response to Kholodov's
research, investigated the EBEQ ectivit; of rabbits with chroaically
izplanted electrodes (sensorimotor area of the right ceredral hemise
phere) exposed to 300-oe constant magnetic fields, Activily defore,
during, and after the action of the field vas monitoced using six
animals in 604 tests. He observed a definite stimulatory effect of
the megnetic field and shoved that it wvas not a function of svitching
the field on or off. He would not speculate on vhich CKS structure ..
ves a specific receptor of EMP's, and suggested that his future
efforts would be devoted to compering magnetic effects with those of
weak doses of ionizing radiation, This might imply that Chizhenkova

- 48 unsure vhether magnetic fields have a cpecific effect on neural
structures,

. In his most recent commmunique, Kholodov [27] discissed the

biological effects of magnetic fields in terme of space .biology and

. medicine, He proposed the use of magnetic, antiradiastion fields for
spacecraft and also atated that experiments have shown that fluctua-
tions in megnetic field intensity shortea the lifespan of rats, in-
cresse the hunan flicker-fusion threshold, and affect the orienta-
tion of unicellular algee, higher plants, insects, mollusks, fish,
and dixds, Such fluctuations also afféct the general health of people,
a8 reflected {n hospital statistics., Increased magnetic field in-
tensity stimulates wotor activity, decreases sensitivity to some :
stimuli, and affects activity, Conditioned reflexes to a magnetic

- 21
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£1el4 can de developed in fish, tut not 4n pigeons or ratbits
(2espite the alleged effects of magnetic flelds om the furmcr).
fuman visual images are altered during exposure to a magnetic
fie1d undsr the influence of hypnosis (see ths dlscussion at the
end of this report) end mescaline. Kholodov restated his belfef RN ok
thet megnetic fields primarily affect glial cells, as reflected s _
{n fpdividual neuron activity (perhaps be ves referring to his o :
1965 research, slthagh he 414 aot cite any publications in this T
P‘P“')' He also stated that “magnetically treated wvater has a -
biological effect,” although he did not discuss the mechanisms

or pathvays ¢f this alleged phenomenoan.
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In general, it would sppear from Kholodov's stetements and : e

research that the effects of low-freguency EXf's and magnetic : . )
£4elds (especially intermittent ones) have a direct effect on neural - R
structures, and that these effects are similar to those produced dy -
' gontheiumal nicrovave intensities, It will be extremely interesting ' Cy L
"to see vhether Kholodov's view thet the diencephalon and glfal cells - - . -
are specific EMP and MP receptors will be borne cut by future Soviet :
. yesearch, . :
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" 6. Clintcal, thcrapéuttc, and hygienic aspects

Soviet concern for the actusl effect of microvave-range EMP'S
on bhunans has been no less intense than their theoretical interest
An these fields, Moreover, this report will show ‘that the lagt two
years (especislly 1566) have ylelded a dramatic increase {a the :
volume of material devoted to the therapeutic, clinical, and ..:
especially hygienic aspects of human exposure t0 microvaves and
even magnetic and electric fields, Presently, the chief spokesman
for hygiens is Yu. A. Osipov (32].

Othervise, smaller and more 1solated groups are sporsdically
active in this field, Atanelishvili [30], for example, compared: -
the effects of verious physiotherapeutic procedures on human wmotor
response to light, The effects of UHF, diatherwy, and pine baths,
vere investigated, No URF radiation paramaters were descrihed, A -
total of 71 patients vith gastric disorders wes exsmined, 4l of °
vhoa received UHP therspy. Atanelishvill found that UHF stimulated - -

__ motor reactions in the majority of cases, However, he obdtained” - -
basically the same results {rom diathermy and bath procedures, :
renderiang any conclusions as to the specific effects of UHF on the .-
central nervous system doudtful, He concluded that all three pro- Cot
cedures altered the functional state of the CN3, vhich undoubtedly
Plays a prominant role in the positive effects of therapy.

As regards the hygienic aspects of human exposure to micro-
waves, it should be noted that this area of concern is of interest
€0 both the military and civilian communities, The Soviet military
medicsl service bas played an active role in sssessing hygiealc e
conditions and the state of workers expdsed to radar flelds, . .
Kspitanenko [31] conducted a clinical investigation on 100 young
military personnel (66 cxnmiued t0 radar, 34 coatrol), UHPF fields
vers generated by decireter end centimeter generators, He did pot
provide any dosimetry data. .

Kapitanenko -oncluded that the pervous system vas the first ‘ .
system to react to UHF, and that the severity of neurological dis-

. orders vas a function of field intensity and duration of exposure,
Astbenia vas a prominsat neurological symptom of the deleterious
-effect of UHF, Cardiovasculsr disorders, also observed, were not:
sharply prooounced and vere judged to t3 reversidle, No specific ™
therapy for UHF syaptoms is known, although positive results bave
been obtained from: 1) intravenous injection of a 40% glucose,
5% ascorbic acid solution (dose and frequency of administration
not given); 2) a strychnine and securinine solution (dose snd sd-
ministration details not given); 3) ginseng (no details given);
and L) 0,005 g of dibasol three times per day.,

-
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In bhis book revieving hygienic prohlezs of human exposure
to microvave-range EMP's, Osipov (1965) [352] considered data from :
o8 far back 88 1933 relative to the effects of microvave-range EBNF's
on the human pervous system anl other systems. Among the aany buman
CRS syzptoas of microvaves connistently reported by Soviet cbservers .
are: 1oss of memory, migraine healaches, inscuniae, dizziness, 1rri-
tebility, dermographism, and loss of appetite, Autoncmic disorders
have been characterized by chenges iz cardiec, hepatic, and gastro-
4ptestinad function. As Oaipov cees it, mutonomic dystonie is e
comsoa syuptom’of exposure to microvaves, Eg concluded that the
most comnon nnd persistent neural sywptoms of microvaves are neur-
ssthenis snd sutonomic (primarily vegotonic) dystonis, These
oycptoms are also observed as a result of exposure to the combined -
effects of microvaves and x-rays, Most microvave-induced shifts
‘sve xeversible, e.3., pathological damage to neural structures is
‘dsually insignificant, according to Osipov, Rarely, microwaves cea .
‘ceuse hallucinatiors, syncope, end adynmais (the diencepbalic
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U5~ - Osipov fesls that the effects of DP's are qualitstively o -
dentical vithia & vide spectrun (from lomg to ultrashort vaves, -.

¥100 ke to 30,000 ke), His opinion 4s well borne cut by the articles
.revieved in this report, and although he does not discuss prodblems of
F exposurs £0 pure ic end cigctric-fields, 1t should be zoted : RS
that Vyalov et al.[38] mention mary symptoms characteristic of micro- C:—
“vave effects (headaches, tremors, elevated pain sensitivity, dermog-

§ Tazbien) in workers exposed to constant megnetic fields (150-=1500 c2).

Asanove (39] reported charscteristic microvave syaptoms (dermographism,

- tardiovasculer shifts, trumors, hyperhydrosis, headache, fatigue), - :
‘Msthenis, droveinecs) in workers exposed to electric fields ' 3
{115~125 u emp) 1n §00—-500-kv hydroelectric stations. F

. Osipov also notes reports of reduced sexusl potency and bdelde . ) oy
Mss induced Ly microvave-range BMP's. He feels that the latter : -3
Eight be attributed to the neurssthenic synirome, slthough he states : - A
hS2st & “peychologieal factor* should not be discounted. ¥

It should be mentioned that Osipov, unitke Presaan, Kholodov,
Y, ond others, is inclined to regard the lJov-intensity
effects :;r microvaves as “microthermal" effects rather than non-

2 8ince Osipov's couprehensive review, there has beea a virtual
°alnm of articles from the Institute of Industrial Hygiene and
Cupational Disesses devoted to the hygienic aspects Of meter-toe
Sttve: ter-range fields. EHere the military effort sboald mot be be-
. o Suurova et al, [33] investigated medicel persommel working
'.;_';;“;“ iotherapy geperstors (1.6 to 2450 me, A equals 184 m to
Py cx). He found that vorking conditions around these scurces
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axceeded permissidle exposure limits, €.8., 20 v/a OF 10 gy/en? by

es much es tvo orders of magnituds (1701000 mv/c22). REere .‘:u

the characteristic EMP syndromns vere noted (headsche, irripehilsty

inscunis, chest/'pain, derzogruchism, acrocysnosis, band tremor, etc.).

Tspairoent of Light sensitivity and dark adsptation vers juaged to

Teflect increased CNS sensitivity, The characteristic cardjee .
vers also noted, Smurova concludsd that the wide vave renge

ef fields studied vers dsleterious to human health, an observgtion

vhich agrees vwith the findings of Osipov (32]. L

Drogichina et al. (1966) (34] concentrated on the wmitonomic and
cardiovasculer disorders of persomnel exposed to RiCTOVave-range fields
up to a "fev mv/cu" in intensity., Along with the faulliar agthenic
syndrome, this group found that sutonomic cardiac disorders weire the
most persistent characteristic of exposure to microvaves. .They ylso
sttrituted diencephalic disturbances (interesting in view of'thbe theo-

- petical material discussed in this report) and coronary spasas to
microvaves, : pEL X

Fukalova [35) sought to establish permissible limits for per-
sonnel exposed to shortvave (6==U50 v/m) and ultrashort-wawe it
(k=220 v/a) scurces, She concluded that all observed T3NS
cmised dy these EMP's were aggravated by inefficieat workeresyle
Fatigability was the most prominent of the femiliar CIS symptons
observed, =

»

To establish exposure norms, Fukalove exposed enimals to ke,
88-, and 63,7-mc fields (5000 v/m) and found that anirals ia the
ultrashort-veve rangs vere killed within 5 min, vhile 1 hr and VO min
vas required for deeth in the shortvave field, She found the mone -
thermal threshold intensity (no incresse in doly temperature) for
ultreshort vaves vas 150 v/m epd for short vaves, 2250 v/a. Chromic
(durstion not specified) exposure t0 these intensities caused s da-
cresse in medulls oblongsta cholinsstersse activity more rapidly during

10 ultrashort wvaves than during exposure to short waves,

Brain biopotentials vere depressed. An ultrashort-vave inteusity of
10 v/= sad a shortvave intensity of 50 v/m were found to be "threshold
irritants.” As in lobanova's study {7], an ultrashort-vave intensity
of 150 v/m vas sufficient to cmuse thickening of neural fibers, pro-
toplasnic svelling and vacuolization in the thalamo-hypothalamic ared
and medulla oblongata, end local karyocytolysis of individual peurons.
Shriveling of occasional cortical pyramid cells snd neuronm vacuoles
vas also noted. On the basis of these data, permissidic bumsn ex-
posure intensities (duration of exposure not given) were set at 5 v/a
for ultrashort-vave fields and 20 v/am for shortvave fields,

.
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The Soviet military medical service regards the peural sod
other effects of microvave-range EMF's no lass seriocusly than the
civilisn community, Professer I. R. Petrov [36], a Major Genersl »
in the medical service and memder of the Academy of Medical Sciences
USSR, concurs with the findings of the civilian community in that &
microvave-field intensity grester than 10 mv/ca? constitytes s thermal :

hazard, and that microvave-rangs EXF's directly affect the human CNS.

Panov [37] 4o a recent article not only sgrees that microvaves
range EMF's directly affect humen peural processes, byt classifies
these effects into three familiar symptoms: 1) the neurasthenic syne
drooe (reversible), smbulatory trsatzent indicated; 2) aytomomic
vagotonic dystonia (occasionally stable end irreversible), bed rest
indicated; and 3) the diencephalic syndrome (visceral dysfunmction,
hyperscunis, hypokinesia, latent or overt hyyothalamo-hypophosesl-
sdrensl depression, depressed sexual and food reflexes), Diencephalic
changes are not alvays reversidle and ded rest is indicated,

Thus, this section veflects the unsaimity of the Soviet
civilian and ailitary communities, vhich feel that microwave-rangs
Ror's (above 10 mw/cn2) comstituts en occupational hasard end that
these fields affect the human central nervous systes, Soums Of the
clinical odservations discussed in this section would tend to suppoert
the findings of such researchers as Presram, Kholodov, Kamenskiy, and
others, vho foel that nicrovaves exert a specific or nonthermal effect
on peursl structures. -

Discussion

From the foregoing material, little docudbt can remain that the
majority of the extonsive Soviet commmity concerned with the bio-
logicel effects of EMF's (and MP's) are of the opinion that these : ;
fields, especially in the microvave range, directly affest neural .. ' k
structures and that asural structures (especially the CNS) are the : o :
noet sensitive to microvave-ranges DF's, CNS effects have Been ob- .
served as & result of exposurs to both nonthermal end thermsl in- ‘
tensitics of pulsed and nompulsed microvaves. The research of the -
aiditary and civilian communities has Deen largely parallsl, There . :
1s soue recent evidence that purely magnetic and electric fields .
can be included as afcrovave-like CI8 stimuli, T

At the present time, Soviet opinfon holds that EMP's: 1) affect :'
the structurs and chemical resctivity of neural cells (Pressman ‘ §
(5,6,8], xmolodov {10,25,27], Kamenskiy (11], Tolgskeya (4], . :

Livshits (1,2], and Lovenova (7] and others; 2) thst they may also

effect the molecular structure of neural structures by virtus of .

Tesonant or other ebsorption (Presmen [5,6]; snd 3) that the offects

of R0r's are qualitatively anslagous for a wide frequency rsnge
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(100-=30,000 kc) and that nonthermal effects may, in fact, de of & »( )
"aicrotherzel™ nature in the absence of wors concrete evidence %o
the contrary (Osipov [32] and Presman (6]).

The relstionship betveen Osipov [32] and Presasa (6] should
be mentloned since there 1s a slight dissgreement betveen the tvo
relative t0 the nonthermal effects of microvaves, Osipov, vhile ad.
mitting there is evidence that microvaves have a biological, ad s ;
especially s neural «ffect at field intensities which do not produce . i
verceptible thermoiynamic charges, feels that it s experinmentally :
iapossidble to demonstrate a specific, e.g., nonthermal, microvave -~ |
effect by comparing that allcged effect with a thermocjuivaleant come
trol, He reasons that since biological objects are electrically
beterogenecus and since microwvave-range EMF's have a known selective
thernmal effect on various tissues and organs, a difference détween a
microvavs effect and e neutral Lest effect is not necessarily due to
an unknown extrathermal factor, tut might vell be a function of aa
uneven distritutior of hest in the organisa vhich could exert its owa .
-  peculiar effect, The specific action of a microvave ENF, in Osipov's )
viev, should only e understocd as a demonstradle transfer of FMP
energy into nonthermal energy. He therefore feels that the many . .
alleged "ponthermal” microvave effects accepted by Presman may vell
be "mlcrothermal” effects in the sdsence of conclusive experimentsl
evidence to the comtrary. ‘

: Presnan, on the other hand, is more i{nclined to delieve that
if a aicrovave M does not result in any perceptidle temperature
shifts in an organica, thea any change in its behavior, function,
or structure can be attrituted to the nonthermal mechaniem of the.
RO, even if it is experimentally impossidle to démonstrate that
thermogenic and nonthermogenic EMPF intensities cach give rise to°
different reactions. In short, Presmen feels that there is ssple
evidence of the noathernmal effects of microvave-range BMFs by virtue
of sn ebsolute temperature criterion vhile Osipov feels thst, vhile
northermal effects are entirely possidle, they have not as yet deen
a8 well substantiated physioclogically as thermal effects,

Far from sbating, Soviet research efforts in this area shov
every indication of coatinmuing at their present pace or evea in-
tensifying, es reflected in the receant large reviewv articles,
chiefly by Presuan and Osipov. Presman's last comprehensive reviev,
like Osipov’s, vas published in the last half of 1965, At the time
of that writing, he estimated that spproximately 1000 works had been
published on the bdioclogicel and medical aspects of microwsve-range
B('s, That reviev, unlike his previcus ones, concentrated heavily
on the possible mechanisms of EMP blologicsl effects. Mast of the
Trecent articles discussed in the 1965 review vere cited by hin &8
evidence of thermal, snd, most interesting, nonthermal or épecific
effects of EMP's, “herefore, it would not be imprudent to expect
that more attention will be paid to the biophysical mechaniems of nom-
thermal EMP neural effects than has been in the past, although at
the present® time, there {s little evidence to support this expectation,

27
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What the purpose 1s of such intense neurally orieznted research
{a the reala of microwvaves, by Soviet theoreticiacs and practitioners
4s pot entirely clear to this observer. While Osipov [32] states -
thst thermal intensities dre encountered much less frequently under " -
industrial conditions cwing to improved hyglenic practice, cliateal **
evalustions of thz potsntial hazards of nonthermal intensities som-
tizue at s stesdy pace despite his theory that so-callsd nonthezmal o
sffects night vell be "microthermal®,

Presman {6] speculates that microvaves can be developed into
a valuable tonl for evaluating the physical, cherical, and, especially,
molecular properties of tissues. The tharapeutic uses of microvaves - .
have been vell estadblished, Cousidering the rapid davelopment of T d
laser technology, it seems logical to expect tbat Soviet theoreticians, -« :_. ;
researchers, and hygienists vill soon turn their attention to the Bioe - oo’ |
logical, and perhape even neural, effects of this factor, ' The Soviet: .-
use of lasers for ocular surgery is alreandy well knovn (Helzholtz Ine ;o
stitute of Eye Diseases). Recently, the firat Soviet report €0 come .-
to the attonticn of this observer on the biological effects of ruby - ..
laser rsdistion wes publisaed, Gorodetskiy et al, [k2] descrided
experinents desi to study the laser adsorption characteristics
of blood, skin, cle tissus, sad various other al organs and
tissues. NO veural structures weru meniioned, nor hsd asy of the
suthors' nemes ever deen noted in connection with microvave-oriented
bdiological research. It seems reascnadle to speculate, howvever, that
the valuable experience gathered by microvave researchers would readily !
lend {tseif to laser probleas,

sty Wi smease a !

Of incidental interest relative to the possidle ramifications
of microvave research is the recent announcement [kO] that s special
bioinformation section has deen orgamized under the segis o2 the )
Moscow Board of the Scientific.Technical Society of Radiotechnology
imeni A, S, Popcy. The purpose of this section is tO study pers-
peychic phanocmens; it 1s composed of rediosngineers, technologists,
hypnotists, medical doctors, biologists, and physiologists, includ-
ing A. S. Presmen, Yu. I. Kamenskiy, and Yu, A, Xholodov, the three
leading Soviet spokesnen for the nomthermal effects of microvaves
(end magnetic f1elds) on neural structures, This group held its
first meeting on 11 October 1565 to discuss "Scwe Prodlems of Pere~-
peychology.” The secticn will proceed to analyza the world liSers-
ture on parapsychic phencmena, to record and classify observeble
cases of “spontanecus™ telepathy, and sctually conduct oxperipents
desling vith naturally reproducidle telepathic phencwena, Professdr
and Doctor of Technical Sciences I, M. Kogan, Chairman of this Bicine
foreation Section, stated in the sancuncement that, “The cra of sen-
sation concerning telepathic phenomena is over, There is po need tO
dispute its extistence, btut rather a nsed to investigate its matures:
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Since the initial announcewact of the organization of this

ection in early 1966, otly one sdditioa2al Bt of information has - ..o
come to the attention of this obsesver ccucerning the actual func- . - -
tion of that secticn (4l). This unsigned newspeper article pube v
. 11shed on G Octoder 1956 menticns the familiaT name of Yu. I. Kamene

skiy as a participant in a telepathic experiment designed to differ- - .
entiate the effects of & normal szd hypootic state on mental . e
suggestion, . '
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Accosslion Nods

This coaprehensive report is on Sovitt ¢.eu sdurces published 1952-1966 .
A% a few sources published earlier, primary purpuse of the report ia to outline
t Tesearch on the effect of low-intensity microwave radiation on the central nerve
ystem of livirg organiams, including man., There are six sections in the reportt
) Seope of effort: organizations and individual researchers; (2} Subject developments:
) fecific neural functions and structures; 4, In vivo neural effectss(5) Neural =
Hlocts of low-frequency electromagnetic and magnetic fields;i6) Clinicel, therapeutic,
M bygienic. aspects. Brsh-of-theve-sections-may-be-read-indspandently.’; W Fiscus-
= dieh follewe sumearizes important facts and deductions from the foregoing 8ec= =
%88 and speculates on the intensity and type of Sovist research efforts. in this area
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